A survey was conducted to study the genetic differentiation among 16 tribal groups of Orissa, Madhya Pradesh, and Maharashtra belonging to different ethnic and linguistic affiliations. Sixteen hundred and fifteen blood samples from both sexes were tested for 5 red cell enzyme systems: ACP, ESD, PGD, GLO, LDH, and Hb pattern. Three hundred and nineteen male individuals were tested for G-6-PD enzyme deficiency. The distribution of the enzyme markers and Hb show a range of variation which are more or less within the Indian range. Cases of homozygous HbSS were detected in all the tribes except 3 tribes in Orissa. Two cases of LDH Cal-I homozygote were found in two Dravidian language speaking Orissa tribes. The Z2-values for testing the homogeneity of gene frequencies indicate a non-significant heterogeneity for all alleles in the individual system. Within population diversity seems to be larger than between population diversity. The degree of over all genetic differentiation as measured by Gs~ value is 0.0154+0.0071.
INTRODUCTION
The Indian subcontinent comprises about 40,000 endogamous population groups including 427 tribal groups. The tribal groups numbering about 51,628,638 (6) Kuvi Khonds, (7) Parojas (Jhoria), (8) Binjhals, (9) Kisans, (10) Bhatras, (11) Dhurwas, (12)Halbas, (13) Marias (Dandami), (14) Murias, (15) Maria Gonds, and (16) Raj Gonds (Maharashtra). Relevant demographic and linguistic data location etc. of each tribe are given in the Table 1 including the number of individuals studied. Six red cell enzyme systems and haemoglobin types were studied: (1)Acid phosphatase (ACP), (2) esterase-D (ESD), (3) 6-phosphogluconate dehydrogenase (PGD), (4) glyoxalase (GLO), (5) lactate dehydrogenase (LDH), (6) G-6-PD deficiency, and (7) haemoglobin types (Hb). Sixteen hundred and fifteen blood samples were collected from the individuals of both sexes of the 16 tribal groups from finger tips in the field during January to March 1989. Separation of blood cells and serum were done in the field and transported by air in ice box to the Anthropometry and Human Genetics Unit of the Indian Statistical Institute, Calcutta, where the screening for enzyme polymorphism were performed. The red cell isozymes were determined following the techniques of Swallow et al. (1973) for ACP; Fields and Parr (1963) for PGD; Kompf et aI. (1975) for GLO-I; Das et al. (1972) for LDH; and Hopkinson et al. (1973) for ESD. Detailed of these techniques are mentioned in Harris and Hopkinson (1976) . The G-6-PD deficiency tests were performed in the field itself within a few hours of collection by using brilliant crystal blue dye (BCB) following Motulsky and Campbell-Kraut (1961) . The Hb screening was done by cellogel electrophoresis using TEB buffer at pH 8.6 and compared with control samples. All tribes as well as individuals could not be tested for GLO and G-6-PD deficiency due to lack of resources.
RESULTS AND DISCUSSION
The results of the phenotypic distribution with the Hardy-Weinberg Z2-values and allele frequencies with s.e. of the different markers studied are given in Tables  2-8 .
The distribution
ACP. Genetic polymorphism of red cell enzyme acid phosphatase[(ACP) is well known. Table 2 gives the phenotypic and allele frequencies of ACP and it appears that there is genetic equilibrium for all tribal groups except the Raj Gond of Maharashtra. The tribes here show a wide range of variation, the highest frequency for pb allele (0.8427) is found in the Konda Dora of Orissa, and lowest in the Raj Gond of Maharashtra (0.7095). There is no consistent trend of increase or decrease of p~ allele frequency across the geographic distances among these tribes but the pb is found to be elevated among few tribes of Kalahandi, Koraput, and Bastar districts. These allele frequencies are in accordance with the frequencies observed in the earlier studies in the tribes of Orissa (Papiha et al., 1988) , Madhya Pradesh (Papiha et al., 1978) , and Maharashtra (Mukherjee et al., 1979) . 0.474 polymorphism on the basis on two common alleles ESD 1 and ESD 2, besides a few rare alleles. The tribes understudy show a complete agreement with the HardyWeinberg equilibrium except among two tribes the Gadaba and the Binjhal where homozygotes exceed in number, and three common phenotypes 1-1, 2-1, 2-2 are present. Table 3 shows a variation in allele frequencies. The ESD 2 alMe frequency ranges between 0.2448 in the Raj Gond of Maharashtra and 0.3989 in the Paroja of Orissa. The present allele frequencies of ESD 2 remain within the range of reported allele frequencies among Indian tribes which show a wide range of variation, that is lowest ESD 2 (0.022) among the Gaddi Rajput of Himachal Pradesh (Singh et al., 1982) and a highest (0.475) is in the Kolam of Andhra Pradesh (Ramesh et al., 1979) . In general, there has been a gradual decline of ESD 2 allele from east to west direction except for a few transient elevation among the Bhatra of Bastar and among the Paroja of Koraput districts.
ESD. Out of all the esterases known in Man only the esterase D (ESD) shows K. DAS el aL

PGD.
6-Phosphogluconate dehydrogenase (6-PGD) shows usually three phenotypes controlled by two alleles PGD A and PGD a. In regard to PGD alleles genetic equilibrium has been observed among almost all the tribes (Table 4) . In a few cases when significant Z2-values have been obtained it seems not to be much meaningful because of small number of PGDc allele. Out of the 16 tribes studied the PGD ~ appears to be monomorphic in three tribes namely Deshia Khonds, Konda Doras, and Kisans of Orissa and in rest of the populations both PGD ~ and PGD e are present, having maximum PGD C frequency in the Bhatra (0.160) of Bastar of Madhya Pradesh. Highest frequency of PGD e was reported among the Kadar (0.167) of Tamilnadu (Saha et al., 1974) , and in many of the other tribes this allele is found to be absent. The PGD A allele frequency remains to be more or less similar Vol. 38, No. 3, 1993 
GLO.
Glyoxalase (GLO) marker could be tested only in 9 tribes, and the phenotypic and allele frequencies are given in Table 5 . There are two common alleles GLO 1 and GLO e and both occur frequently in these populations, of which GLO e is more predominant. Hardy-Weinberg equilibrium test shows a statistically significant deviation in case of Gadabas and Parojas of Orissa, and among the Maria Gond of Maharashtra. In this study GLO 1 shows maximum frequency (0.422) in Maria Gonds of Maharashtra (the maximum value present in Marias of Madhya Pradesh but is ignored as the sample size is very small) and minimum (0.263) in Parojas of Orissa. No cline has been observed in regard to GLO allele frequency distribution.
G-6-PD deficiency.
Glucose-6-phosphate dehydrogenase (G-6-PD) deficiency is a well known X-linked trait. Only 319 male individuals of the five tribes were tested, which are shown in the Table 6 . The samples from other tribes could not be tested for the lack of resources. In the present series the incidence of the deficiency have been noticed only in two tribes namely Muria and Bhatra of Madhya Pradesh, the frequencies being 2.74 and 2.94~ respectively. In some Indian tribes, tested so far, the deficiency rate is as high as 19.62~ in Worli of Nagar Dadar Haviely (Joshi et al., 1975) . Amongst the Gond tribe of Nagpur, Maharashtra, and Raipur of Madbya Pradesh the deficiencies are 10.58 ~ (Kher et al., 1967) and 15.08 respectively (Report of Institute of Immunohaematology, ICMR, Bombay, 1986) . The deficiency trait is recognised even in many non-tribal populations in India, and it is high amongst the Parsis (17.30 ~) of Bombay (Kate et al., 1978) . The high incidence of G-6-PD deficiency and some abnormal haemoglobins in malarial environment is a well known fact. It has also been suggested that the protection is conferred against malarial parasite by the heterozygous females (Bienzle et al., 1972; Kar et al., 1992) which could be extended to hemizygous also. Haemoglobin variants. Study of haemoglobin pattern was done in all the tribal groups.
The phenotypic and gene distribution are shown in the Table 7 .
Two major variant haemoglobin types HbE and HbS are common in some indian populations, of which HbE is mostly restricted among the populations of Eastern and North-Eastern India, whereas HbS is dominant in South, West, and Central India. In the present study HbS is found in all the tribes with varying frequencies, It is noteworthy that a few of the HbSS types were detected among the adult and old individuals also. The genetic equilibrium can be assumed for a majority of the groups, though significant deviations are noticed in six of them:
Jpn J Human Genet Kuvi Khonds, Paroja, Binjhal, and Kisan of Orissa and Bhatra and Dhurwa of Madhya Pradesh. The genetic equilibrium obtained through x2-tests may not be that appropriate because in majority cases HbS homozygous number seems to be inadequate. A geographical cline of HbS allele increasing from east to west has been observed. A large number of Indian populations including tribes have been screened for Hb type (Mukherjee and Das, 1990) . The presence of several HbSS cases in this region raises the question as to how it is maintained in a high frequencies despite its known lethality in homozygous condition. One of the reasons may be cooccurrence of ~-thalassemia along with HbS which reduces the lethality of HbS, and increased level of HbF among the HbS heterozygous or homozygous individuals. High frequencies (about 16 ~) of S allele have been reported amongst the Gamit of Gujrat, Western India (Vyas et al., 1962) and in the Bhilala tribes of Madhya Pradesh (ICMR report, 1986 ); about 13 ~ in the Konda Paroja or Orissa (Das et al., 1967) , and in South India it is also high (about 18 ~) amongst the Pradhan of Andhra Pradesh (Blake et al., 1981) .
LDH.
Lactate dehydrogenase is normally monomorphic in world populations. In India, the LDH Cal-1 variant is found to be widely distributed. All the 16 tribes were screened for LDH type and shown in Table 8 . LDH Cal-1 variant was detected in many of these tribes, except Savaras, Parojas, Binjhals, Kisans, Halbas, and Raj Gonds (Maharashtra). It is worth mentioning that two cases of Cal-1 homozygous variant is usually rare, were detected in two tribes of Orissa, namely in Deshia Khonds and in Raj Gonds. Maximum number (five cases) of CaM variant were identified amongst the Kuvi Khonds of Orissa. LDH CaP allele is relatively more frequent in the Hindu caste groups rather than tribes in Table 9 .
GENETIC MARKERS IN SIXTEEN TRIBES IN INDIA
Analysis of heterogeneity in 16 tribal groups of Orissa, Madhya Pradesh, and Maharashtra, based on four enzyme and haemoglobin loci.
